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Abstract 

Background: There is evidence that patients with anorexia 
nervosa (AN) demonstrate specific cerebral activation pat- 
terns in response to visual food stimulation. We postulated 
that cerebral activation patterns could represent different 
perceptions of high-calorie images during hunger and sati- 
ety and could be determined by patients’ subjective ratings. 
Methods: After 6 h of starvation and also in a state of satiety, 
12 female patients with AN and 12 normal-weight women 
were assessed by use of fMRI with high-calorie food images. 
All patients suffered from a restrictive type of AN. Heart 
rates, subjective ratings of satiety and valences of the visual 
stimuli were assessed. Results: Food stimuli presented dur- 
ing a state of hunger were associated with significant activa- 
tion of the anterior cingulate cortex and insula in the control 
group and oftthe prefrontal and central cortices and insula in 
the AN group. During the hunger state activation in AN of 
the dorsal posterior cingulate cortex was revealed compared 
to the controls. In the state of satiety, activation of the left 
insula was observed in the AN group. Use ofthefood valence 
judgment as a covariate confirmed the insula activation and 


revealed additional activation of the orbitofrontal, cingulate 
and medial temporal cortices. Conclusion: Our results indi- 
cate differences in cerebral activation patterns due to differ- 
ent perceptions of high-calorie food images, modulated by 
feelings of hunger or satiety, among AN patients with modu- 
lation by subjective ratings of food valence. 
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Introduction 


Anorexia nervosa (AN) is an important disease. The 
lifetime prevalence of full-blown DSM-IV AN in Ger- 
many was 0.6%, as assessed ina random sample ofa large 
epidemiologic trial in 1996 [1]. According to Milos et al. 
[2], the incidence of AN in Switzerland was 1.17 per 
100,000 person-years in the total population [3]. 

Overall, about 2 thirds ofthe AN patients continue to 
have enduring morbid food and weight preoccupations 
after adequate treatment [4]; approximately 5-15% ofthe 
patients die [5]. Even among those who have good out- 
comes as defined by restoration of weight and menses, 
many have other persistent psychiatric symptoms, in- 
cluding dysthymia, social phobia, obsessive-compulsive 
symptoms and substance abuse [6-9]. 
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Severallines ofresearch have raised the possibility that 
trait-related disturbances of brain neurotransmitters 
may contribute to the pathogenesis of AN. These neu- 
rotransmitter systems include serotonin (5-HT) and do- 
pamine pathways and a number of neuropeptides [10]. 
Some studies revealed altered distribution of5-HT1A re- 
ceptors in AN patients [11]. Furthermore, brain imaging 
has been performed in conjunction with paradigms and 
tasks that are meant to elicit areas of brain activation that 
might be specific to AN pathophysiology [12]. Most para- 
digms are based on 2 integral parts of AN pathophysiol- 
ogy: weight phobia [13-16] and body image distortion 
[17-20]. Among these studies, imaging modalities and 
tasks are not consistent, and some patient groups are 
small. Moreover, the majority of studies used mixed sam- 
ples of bulimic and anorectic patients. In exclusively ano- 
rectic samples, no difference was found between the re- 
strictive and binge eating/purging subtypes. Further- 
more, anorectic patients with comorbid mental disorders 
were not excluded; this circumstance makes it difficult to 
differentiate between brain activity patterns associated 
with AN and those related to other psychiatric disorders. 

Still, it seems that medial temporal and cingulate ac- 
tivities are frequently found to be different between AN 
patients and healthy controls [12, 14]. Positron emission 
tomographic measurements of regional cerebral blood 
flow were performed on female patients with AN and 
healthy female control subjects during viewing of high- 
calorie foods, low-calorie foods and nonfood items. In 
this study, AN had an elevated bilateral medial temporal 
lobe blood flow compared with control subjects. Com- 
parisons revealed greater activation within the left oc- 
cipital cortex and right temporo-occipital cortex for the 
high- versus low-calorie contrast in patients with AN 
compared with control subjects [14]. Some studies dem- 
onstrated activation of the cingulate, frontal, temporal 
and parietal regions in AN related to body image distor- 
tions [12]. Parietaland occipital cortical areas also appear 
to repeatedly distinguish AN from controls in states of 
hunger and satiety during cognitive processing of food 
pictures [21]. Some morphologic studies revealed differ- 
ences forthe AN patients in terms ofgrey matter decrease 
in the anterior cingulate cortex [22]. 

Against the background of weight phobia as one ofthe 
essential features of AN, and based on the findings of La- 
Bar etal. [23] of cerebral activation in response to visual 
food stimuli in mentally and physically healthy volun- 
teers, we hypothesized that specific visual stimuli lead to 
stronger reactions and specific activation patterns as dis- 
played by fMRl in AN patients. LaBar et al. demonstrat- 
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ed that food-related visual stimuli elicited greater re- 
sponses in the amygdala, parahippocampal gyrus and 
anterior fusiform gyrus when participants were inahun- 
gry state in comparison with a satiated state. One study 
of AN patients and controls could not reveal differences 
in these regions but did show diminished activation of 
the occipital area in AN patients in a state of hunger [21]. 

Therefore, the aim of this study was to evaluate the 
influence of satiety, body mass index (BMI) and like/dis- 
like ratings on cerebral activation patterns. Furthermore, 
the homogeneous group of AN patients was created from 
subjects who suffered exclusively from the restrictive 
type of AN; at most, depression in the questionnaire was 
the only comorbid mental disorder. 

According to the results of previous studies, differenc- 
es in activation should become apparent in the orbito- 
frontal and cingulate gyrus, amygdala, and insular, me- 
dial temporal, occipital and prefrontal cortices [21, 24, 
25]. 


Methods 


Subjects 

Twelve female AN patients (mean age = 27 years, range = 18- 
52) and 12 mentally and physically healthy female volunteers 
(mean age = 25 years, range = 21-35) were studied. All subjects 
were right-handed as revealed by a questionnaire (Edinburgh 
Handedness Inventory). No subject displayed any brain tissue ab- 
normality on structural MR]; in the group of normal-weight vol- 
unteers, no one had a history of neurological or psychiatric dis- 
ease. By visual analysis, the brain volume was lower to some ex- 
tent in the group of AN patients. No automated volume 
measurement was performed, as the fact of temporary volume 
decrease has been reported for AN patients under restriction [41]. 

The AN patients were recruited from the local university clin- 
ic of psychosomatic medicine and were inpatients at the time of 
scanning. All AN patients and control subjects were interviewed 
by means ofthe Structured Clinical Interview for DSM-IV® Axis 
I Disorders (SCID-I) [42]. Eating patterns and disorders were as- 
sessed by use of the self-rating questionnaire Structured Inven- 
tory of Anorexia and Bulimia Nervosa (SIAB-S) [43]. The dura- 
tion of illness was 84.5 + 42.8 months (range = 12-92). The AN 
patients had been free of medication for at least 3 months. The 
BMI ofthe AN patients was 14.1 # 1.8 and that of the normal- 
weight volunteers 21.4 # 1.5. Two AN patients (16%) suffered 
from depression, as revealed by the SCID-I, without being re- 
ferred to medical treatment at the time of the study. 

Informed written consent was obtained prior to scanning. The 
study was approved by the local ethics committee of the Univer- 
sity of Duisburg-Essen. 


Experimental Design 

All MR images were obtained through use of a 1.5-tesla MR 
(Sonata, Siemens, Erlangen, Germany) with a standard head coil. 
A 3-dimensional FLASH sequence (TR = 10 ms, TE = 4.5 ms, flip 
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angle = 30°, FOV = 240 mm, matrix = 512, slice thickness = 
1.5 mm) was acquired for individual coregistration of functional 
and structural images. BOLD contrast images were acquired by 
use of an echoplanar technique (TR = 3,100 ms, TE = 50 ms, flip 
angle = 90°, FOV = 240 mm, matrix = 64) with 34 transversal 
slices that had a thickness of 3 mm and a 0.3-mm slice gap. Three 
“dummy’ scans were eliminated prior to the data analysis to ac- 
count for T1 relaxation effects. 

All subjects were asked to have their last meal at least 6 h before 
scanning in order to produce a slight state of hunger. The meal 
was sstandardized and consisted of2 pieces oftoast with butterand 
marmalade. Drinking was restricted to water. The scans were per- 
formed between 4:30 p.m. and 5:30 p.m. After the first imaging, 
the subjects were asked to eat cheese sandwiches until they felt 
well fed. After the subjective rating of satiety, the subjects entered 
the scanner again and saw the stimuli in another presentation. 

The stimuli were presented in a block design and alternated 
with resting periods every 31 s. Each run was divided into 7 ep- 
ochs lasting 62 s each, starting with the resting condition. 

During stimulation, the subjects were asked to lie relaxed in- 
side the scanner and try to pay attention to the presented stimuli. 
The active conditions were sequences with images of high-calorie 
food alternating with emotionally neutral structural images. In 
total, 30 different food stimuli and 30 different neutral stimuli 
were used. The images were alternated every second scan to pro- 
mote attention to the stimuli resulting in blocks of 5 images of 
neutral stimuli alternating with 5 high-calorie images in 1 epoch. 
The high-calorie images contained typical foods, such as pizza, 
ice cream and steak, with high-calorie impacts. Images from the 
International Affective Picture System (IAPS) were used. The 
IAPS is being developed to provide a set of normative emotional 
stimuli for experimental investigations of emotion and attention. 
The goal is to produce a large set of standardized, emotionally 
evocative, internationally accessible color photographs that in- 
cludes content across a wide range of semantic categories. The 
IAPS is being developed and distributed by the NIMH Center for 
the Study of Emotion and Attention at the University of Florida. 

The neutral structural images were photographs of walls and 
stones and therefore without any emotional impact or associa- 
tions. The images were shown in the same order in all conditions 
and groups. All stimuli were presented using a scene viewed in- 
side the scanner roomandalight projector that was placed outside 
the MR cabin. A mirror was fixed on the head coil. 

At both the beginning and the end of scanning, each subject 
had to rate her level of satiety on a Likert scale ranging from -10 
to 10, with -10 meaning extremely hungry and +10 extremely full. 
Similarly, pictures that presented high-calorie stimuli were rated 
on another Likert rating scale with regard to attractiveness (0-10) 
and dislike (-10 to 0). 

The heart rate of each subject was assessed at the beginning 
and end of scanning and after every 5 scans during scanning by 
use of an MRI-compatible finger clip pulse oximeter (Draeger, 
Lübeck, Germany) attached to the subject’s second left digit. 


Data Analysis and Statistical Method 

For the data analysis, SPM (statistical parametric map) 05 soft- 
ware (Welcome Department of Cognitive Neurology, London, 
UK) was used (http://www.fil.ion.ucl.ac.uk/spm/). Prior to statis- 
tical analysis, the images were realigned using sinc interpolation 
and normalized to the standard stereotactic space corresponding 
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to the template from the Montreal Neurological Institute (http:// 
www.mrc-cbu.cam.ac.uk/Imaging/mnispace.htm]). Bilinear in- 
terpolation was applied for normalization. The images were 
smoothed with an isotropic gaussian kernel of 9 mm. A voxel-by- 
voxel comparison according to the general linear model was used 
to calculate differences in activation between the active and rest- 
ing conditions. The model consisted of a box car function con- 
volved with hemodynamic response function and the corre- 
sponding temporal derivative. High-pass filtering with a cutoff 
frequency of 120 s and low-pass filtering with hemodynamic re- 
sponse function were applied. The underlying test in the SPM is 
attestandin astandard fMRI analysis a statistical model is fit to 
the data resulting in model parameters. These parameters are 
used to look for the effect one is interested in. Differences between 
baselineandtaskare analyzed calculating a statistic for each brain 
voxel that tests for the effect of interest in this voxel. The resulting 
large volume of statistical values leads to a multiple comparison 
problem in fMRI. The statistical threshold problem can be solved 
using the Bonferroni correction, but for fMRI data the problem is 
widely solved according to the random field theory. On the second 
level the contrast images (results of the voxel-wise t statistic) are 
used. Those statistical values can then be tested in simple and 
multiple regression analyses. For additional explanations please 
refer to the Internet address given above. 

For the group analysis, single-subject contrast images were en- 
tered into a random effects model for group comparisons, with 
the subjects being the random factor. Significant signal changes 
for each contrast were assessed by means oft statistics on a voxel- 
by-voxel basis and maximum likelihood estimation [44, 45]. The 
resulting set of voxel values for each contrast constituted an SPM 
ofthetstatistic. As only t statistics could be used, a test ofinterac- 
tion effects between the groups and hunger and satiety could not 
be performed. The threshold was set to p < 0.05 (corrected for 
multiple comparisons). For the group analysis, the resulting con- 
trast images ofindividual contrasts revealed by the voxel-by-vox- 
el comparison in SPM 05 were taken to the second-level analysis 
and entered into a 1- and 2-sample or paired t test (uncorrected 
p < 0.001). The cerebral activation due to high-calorie food im- 
ages in contrast to neutral images were analyzed in each group 
and each condition (hunger and satiety) using a 1-sample t test. 
Comparisons using the 2-sample t test were performed with the 
following contrasts: AN versus control group in the hunger state 
and AN versus control group in the satiety state. In both tests also 
the reverse contrast was analyzed. Using the paired t test the con- 
trasts of satiety and hunger in each group were analyzed. The un- 
corrected p value was applied for a priori determined regions of 
interest. Random effects analyses were performed using the sub- 
jective ratings of valence of stimuliand BMI as confounding vari- 
ables in the comparison analyses AN versus control group [46]. 
The analyses were performed with the contrast images of hunger 
and satiety state separately. 

The threshold of the t statistic for a 1- and 2-sample t test was 
setto p< 0.001, uncorrected for multiple comparisons for the fol- 
lowing a priori regions of interest. According to our initial hy- 
pothesis, differences in activation should be revealed in the orbi- 
tofrontal and cingulate gyrus, the amygdala, and the insular, me- 
dial temporal, occipital and prefrontal cortices [21, 24, 25]. 

The subjective ratings of satiety and of attractiveness/dislike 
for the high-calorie food images were analyzed by means of a 
Mann-Whitney U test for group tests. 
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Table 1. Demographic description and ratings of both groups 


AN Controls 
Age, years 27.4 (18-52) 25.3 (21-35) 
Weight (BMI) 14.06 41.8 21.38+#1.5 
Medication none none 


Heart rate (basal/high-calorie stimulus) 
Food valence (hunger/satiety) 
Hunger (before/after images/satiety) 


54.9 +9.0/55.3#14.1 
-1.744.4/-4.4 44.2 
(-1.6 #4.7/0.4 #4.0)/6.83 # 2.92 


71.5#14.1/72.4 + 14.0 
5.7#3.3/1.6#2.9 
(-6.9#1.3/-6.8#1.4)/ 
5.66 # 2.34 


The values of each group are given with standard deviations or ranges. 


Table 2. Activation clusters for visual high-calorie stimuli versus 
control stimuli in normal-weight volunteers (N) and anorectic 
patients (AN) in states of hunger (H) and satiety (S) 


Group Talairach coor- Region Side t 
dinates, mm (cortex) value 
N (H) 38, -70, -8 inf. occipital (BA 19) R 14.54 
-40, -72, -14 inf. occipital (BA 19) L 10.65 
-22, -60, 56 sup. parietal (BA 7) L 6.64 
26, -72, 58 sup. parietal (BA 7) R 8.65 
-2, 34, 18 anterior cingulate L 6.03 
-38, -6, 2 insula L 5.32. 
-22,-10,-16 amygdala L 5.64 
30, 0, -22 amygdala R 4.77 
-14, 34, -18 orbitofrontal (BAll) L 5.57 
AN(H) 16,-100, -2 cuneus (BA 18) R 15.56 
38, -94, -2 inf. occipital (BA 19) L 10.34 
44, -40, 58 inf. parietal (BA 40) L 8.38 
-34, 8, 10 insula L 5.18 
6, 8, 48 midcingulate R 5.38 
-58, -12, 30 precentral (BA 4) L 9.52 
-4, -20, —2 thalamus L 5.21 
38,-20,-10 amygdala R 10.08 
-32,-14,-12 amygdala L 5.88 
46, 24, -16 orbitofrontal (BA47) R 6.61 
N (8) 93,-106;2 cuneus (BA 18) R 12.14 
36, -88, —4 inf. occipital (BA 18) L 10.37 
26, -62, 56 sup. parietal (BA 7) R 8.18 
48, 32,6 prefrontal (BA 16) R 5.28 
-28, 50, -14 orbitofrontal (BAll) L 7.40 
-24, -8, -20 amygdala L 4.88 
AN ($) 24, -90, -8 cuneus (BA 18) R 11.51 
44, -82, -8 inf. occipital (BA 18) L 7.48 
28, -64, 54 sup. parietal (BA 7) R 6.00 
44, 22, -22 orbitofrontal (BA47) R 10.00 


The significantly activated areas for the main effect (high-cal- 


orie food images compared with control images) for each group 
are presented. p < 0.05 corrected. BA = Brodman area. 
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Results 


Physiological Parameter and Subjective Ratings 

Analysis of the recorded heart rate before, after and 
during scanning did not reveal significant differences in 
either group. For AN patients, a heart rate of 54.9 + 8.8 
beats/min was found during scanning of the passive 
paradigm. Only a slight but insignificant elevation re- 
sulted during scanning of the active condition (55.3 # 
9.0). For the normal-weight subjects, a heart rate of 71.5 
+ 14.1 was found during scanning of the passive para- 
digm. Only a slight but insignificant elevation was ob- 
served during scanning of the active paradigm (72.4 # 
14.0). 

The subjective rating ofhunger manifested differences 
between the 2 groups. The AN patients rated their feeling 
of satiety before scanning as -1.6 + 4.7, meaning only a 
slight feeling of hunger after 6 h of food restriction, 
whereas the control group rating was -6.9 + 1.3, indicat- 
ing an intense feeling of hunger (p < 0.003). After the 
scanning session, with the presentation of high-calorie 
food but before eating, the AN patients rated their per- 
ception of hunger as +0.4 # 4.0, and the control group as 
-6.8 + 1.4. The differences in hunger ratings in the ano- 
rectic group before and after presentation of the food im- 
ages were significant at p<.0.001. The hunger rating after 
eating to subjective satiety was again different for both 
groups. As before, we asked for the rating before and after 
image stimulation. Before the second fMRI run, AN rat- 
ed 6.83 # 2.92 and the control group 5.66 + 2.34, with 
p < 0.159; however, after the viewing of images the AN 
group rated their satiety as 8.25 # 2.09 and the control 
group as 5.30 + 2.90, with p< 0.008. 

The valence (attraction/aversion) of food images was 
rated -1.7 # 4.4 by the AN group and 5.7 # 3.3 by the 
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control group in the first run; the corresponding ratings 
in the second run were -4.4 + 4.2inthe AN group and 
1.6 # 2.9in the controls. In both states the difference was 
significant at p < 0.005. A summary of these results is 
given in table 1. 


Cerebral Activation in Response to High-Calorie 

Images in AN and Control Group 

During use of the high-calorie images, the differences 
in food versus nonfood stimuli revealed an activation of 
the anterior cingulate gyrus, amygdala, and occipital, 
prefrontal, insular, orbitofrontal and bilateral parietal 
cortices in both groups to a different extent in terms of 
cluster extension and t values during the hunger state (t 
values and Talairach coordinates are given in table 2). The 
thalamus was activated only in the AN group. The same 
stimuli during the satiated state revealed activation ofthe 
occipital, superior parietal and orbitofrontal cortices in 
the AN group and activation of the amygdala and oc- 
cipital, orbitofrontal, prefrontal and parietal cortices in 
the control group. 


Influence of Satiety and Starvation on the Cerebral 

Activation Patterns 

A comparison of the activation due to food stimuli 
compared with nonfood stimuli in the control group dur- 
ing states of hunger and satiety revealed significant acti- 
vation of the anterior midcingulate cortex (2; 28; 22, t 
value = 6.57), pregenual anterior cingulate cortex (2; 36; 
-12, t value = 5.62) and posterior insula (-44; -18; -8, t 
value = 5.00) during the hunger state (fig. 1a) but no dif- 
ferent activation in the satiety state. The AN group 
showed a significant activation in response to food-non- 
food contrast during the hunger state compared to the 
satiety state in the prefrontal cortex (-40; 44; 16, t value = 
5.84), postcentral cortex (-38; -40; 54, t value = 7.65) and 
bilateral anterior insula (-38; 10; 16, t value = 5.82 and 38; 
20; 5, t value = 5.38) but no different activation in the sa- 
tiety state (fig. 1b). 


Comparison of Activation Patterns of Both Groups in 

Relation to Satiety and Hunger 

In the food-nonfood/AN-control contrast in the hun- 
ger state, there was a cluster of significant differences in 
activation in the midcingulate cortex (fig. 2a). The reverse 
contrast revealed a significant cluster of activation in the 
pregenual anterior cingulate cortex for the control group 
(fig. 2b). In the satiated state in the food-nonfood/AN- 
control contrast, there was a cluster of significant differ- 
ences in activation of the left insula (fig. 2c); the reverse 
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contrast revealed activation of the right-sided insula and 
left-sided prefrontal region (fig. 2d). All regions, with co- 
ordinates and t values, are given in table 3. 


Influence of Food Valence and BMI on the Activation 

Patterns 

Through use ofthe food valence judgment of like and 
dislike as a covariate in the statistical analysis, a modifi- 
cation of the described activation patterns was revealed 
in both groups. In addition, compared with the control 
individuals in the hunger condition, the AN patients 
showed significant clusters of activation in response to 
the food-nonfood stimuli in the orbitofrontal and medial 
temporal cortices and the right insula; the activation in 
the midcingulate cortex was confirmed by a higher t val- 
ue. Activation ofthe cingulate cortex in the control group 
in the food-nonfood comparison could not be detected 
using the rating as a covariate (table 3). In the satiated 
state, the insula activations in both groups were con- 
firmed for the food-nonfood contrast; in addition, sig- 
nificant activation in the control group was shown in the 
anterior cingulate cortex. 

Through use ofthe BMlasa covariate in the statistical 
analysis, again amodification ofthe described activation 
patterns was manifested in both groups. Moreover, com- 
pared with the control individuals in the hunger condi- 
tion, the AN patients showed increased activation of the 
medial temporal cortex during the food-nonfood para- 
digm; however, the activation in the midcingulate cortex 
was no longer demonstrated. As before, activation of the 
cingulate cortex in the control group could not be de- 
tected using the BMl as a covariate. In the satiated state 
in the food-nonfood contrast, a significant cluster of ac- 
tivation was revealed in the AN group in the left occipital 
cortexand in the control group in the right amygdala and 
thalamus. 

The activation in the midcingulate cortex demonstrat- 
ed a strong correlation with the subjective rating of food 
valence in the AN group in the hunger state; in the sati- 
ated state there was activation of the prefrontal, orbito- 
frontal and midcingulate cortices. The medial temporal 
cortex revealed a strong correlation in the AN group in 
the satiated state which was significant using a corrected 
p<0.05. The superior frontal area exhibited a correlation 
with the valence rating in the control group in the hunger 
state. In the satiated state in the control group, a correla- 
tion with the valence rating was revealed for the insula. 
The BMI only revealed correlations in the AN group but 
not in the control group. In the hunger state a correlation 
ofthe midcingulate, insula and prefrontal cortex was re- 
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Fig. 1. A comparison of activation in re- 
sponse to food stimuli in contrast with 
nonfood images in the control group dur- 
ing states of hunger and satiety revealed 
significant activation of the anterior 
midcingulate cortex and posterior insula 
during the hunger state (a) but no different 
activation in the satiety state. The AN 
group showed significant activation in re- 
sponse to the high-calorie food stimuli 
during the hunger state compared with the 
satiety state in the prefrontal cortex, post- 
central cortex and anterior insula but no 
different activation in the satiety state (b). 
The task-related increase in MR signal is 
superimposed on 3 orthogonal sections of 
a 3-dimensional Tl-weighted standard 
brain. The statistically corrected threshold 
isp<.0.001, uncorrected for multiple com- 
parisons. 


Fig. 2. SPM ofthe contrast for food versus 
nonfood stimuli of AN patients and the 
control group in the hunger state revealed 
significant activation ofthe dorsal midein- 
gulate cortex (a). The reverse contrast 
showed a significant activation in the pre- 
genual anterior cingulate cortex for the 
control group (b). In the satiated state, a 
noteworthy activation of the left insula 
was displayed in the AN group (cd); the re- 
verse contrast revealed activation of the 
right-sided insula and left-sided prefrontal 
regions (BA 10) (d). The task-related in- 
crease in MR signal is superimposed on 3 
orthogonal sections of a 3-dimensional 
T1-weighted standard brain. The statisti- 
cally corrected threshold is p < 0.001, un- 
corrected for multiple comparisons. 
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vealed. In the satiated state only the superior frontal area 
which was correlated to the food valence ratings in the 
control group in the hunger state was revealed. These re- 
sults with the coordinates and t values are summarized 
in table 4. 


Discussion 


Influence of Hunger and Satiety 

LaBar etal. [23] reported alterations in cerebral activa- 
tion due to hunger in mentally healthy and normal- 
weight subjects. The authors found greater responses to 
food-related visual stimuli in the amygdala, parahippo- 
campal gyrus and anterior fusiform gyrus as well as the 
insula during hunger. Our results are similar to those in 
both our AN patients and control subjects. However, we 
demonstrated a greater response in the insula in both 
groups but with differing exact regions: in the anterior 
insula in the AN and the posterior insula in the control 
group in the hunger state. 

The insula is known to receive gustatory, olfactoryand 
visceral afferents and to be involved in memories of taste; 
it also has been implicated in the experience of emotion 
[26]. Thus, the observed activation could represent the 
memory of a negative (AN) or positive (controls) rein- 
forcement. 

The anterior insula receives a direct projection from 
the basal part ofthe thalamus and from the amygdala. In 
addition, the anterior insula itself projects to the amyg- 
dala. The posterior insula connects reciprocally with the 
secondary sensory cortex and receives input from the 
thalamic nuclei. Simon et al. [27] demonstrated inputs in 
this region from the ventromedial nucleus of the thala- 
mus, which is highly specialized to convey emotional/ 
homeostatic information such as pain, temperature, itch, 
local oxygen status and sensual touch. Therefore, the ac- 
tivation differences in the insula suggest that food stim- 
uli might be more emotionally arousing to AN but more 
physically stimulating to normal controls. 

The findingthatthe fusiform and amygdala activations 
were not consistently displayed in our groups might be due 
to different stimulus presentation: we used high-calorie 
food images and presented each image over a slightly lon- 
ger period than was the case in earlier studies. In line with 
LaBar et al. [23], we found no significant activation in the 
satiated state. One disadvantage of our study is that we 
used the same stimuli after satiety; therefore, habituation 
to the stimuli cannot be excluded. However, the habitua- 
tion does not need to reach the same extent in the 2 groups; 
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Table 3. Activation clusters for visual high-calorie stimuli versus 
control stimuli in a 2-sample t test with normal-weight volunteers 
(N) and anorectic patients (AN) in states ofhunger (H) and satiety 
OD) 


Tasks Group Talairach coor- Region (cortex) Side t 
dinates, mm value 
H AN 10,-26,56 midcingulate R 4.7 
N 4, 46, —4 anterior cingulate R 3.68 
S AN 44, -6, 10 insula L 4.58 
N 34, -14, 10 insula R 5.82 
-38,44,20  prefrontal (BA 10) L 4.61 
VASH AN -62,-44,2 medialtemp (BA21) L 10.09 
0, -26, 36 midcingulate R 6.02 
36, 10, 6 insula R 5.92 
-8,32,-16 orbitofrontal (BAll) L 6.63 
N e _ 
VASS AN -48,-14,16 insula L 5.17 
N 32, -12,8 insula R 10.54 
-34, 6, -6 insula L 5.49 
-6, 26, 42 anterior cingulate L 6.84 
BMIH AN -64,-36,-8 medialtemp. (BA21) L 4.76 
N 2 _ 
BMIS AN -22,-60,4 occipital (BA 19) L 4.42 
N 32, -12, 8 amygdala R 5.48 
14, -28, 2 thalamus R 413 


The significantly activated areas in response to the main stim- 
uli (high-calorie images) are given for each group; in addition, 
they are given when the food valence rating (VAS) and BMI were 
used as cofactors. p < 0.001 uncorrected. BA = Brodman area. 


i.e., the controls may have habituated more to the images, 
as their hunger ratings did not change from pre- to post- 
scan in the satiated condition, whereas they did inthe AN 
group. This finding might explain some ofthe paired t test 
results. In the future, pre- and post-scan image sets should 
be different but equally arousing. 


Specific Activation ofthe AN and Control Groups 

Through use of the high-calorie images, our results 
are in line with those of previous activation investigations 
that revealed an involvement ofthe thalamus and tempo- 
ral, cingulate, medial temporal, insular and orbitofrontal 
cortices in food-regulative mechanisms. The correct dif- 
ferentiation of specific cerebral activationsin AN patients 
may be biased by different types of AN (restrictive vs. 
binge/purging type) and psychiatric comorbidities. 
Therefore, maximal homogeneity of our AN sample was 
obtained with respect to the type of AN, and subjective 
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Table 4. One-sample t test correlated with BMI and VAS values: MNI coordinates 


Regions of AN group N group 
nz side x y z clusterlevel side x y zZ cluster level 
tvalue Ky tvalue xp 
Correlation with BMI 
Hunger 
MCC L 4 -16 54 7.85 163 
IC R 42 6 8 8.43 47 - = 
PFC (BA 10) R 32 54 24 9.66 133 
PFC (BA 10) R 6 62 18 12.53 68 
Satiety 
Sup. frontal (BA 8) L -16 48 46 13.28* 61 _ _ 
Correlation with VAS 
Hunger 
MCC R 6 6 32 5.62 8 - - - - - - 
Sup. frontal (BA 8) - - L -18 42 48 5.66 11 
Satiety 
MCC T; -6 0 46 5.21 6 2 - - - - = 
PFC (BA 10) R 8 62 22 7.73 60 - - - = = = 
OFC (BA 11) LE -18 46 -18 5.59 7 - - - - = = 
IC - - R 38 16 14 7.52 12 
Medial temporal L -47 11 -32 1631* 84 - =. - =. - - 


p < 0.001, uncorrected. *p< 0.05: False discovery rate corrected. The significantly activated areas in response 
to the main stimuli (high-calorie images) correlating with the BMI and the food valence rating (VAS) are given 
for each group. MNI = Montreal Neurological Institute; MCC = midcingulate cortex; IC = insular cortex; PFC = 
prefrontal cortex; OFC = orbitofrontal cortex; BA = Brodman area; N group = normal-weight volunteers. 


depression without any indication of treatment was the 
only psychiatric comorbidity. Furthermore, the differ- 
ences in subjective hunger and valence ratings between 
the AN and control groups can influence the activation 
patterns during the stimulation with high-calorie food. 
In our study, a difference was revealed not only in hunger 
rating between AN and control subjects but also in hun- 
ger rating in the AN group before and after presentation 
of the food images. Detailed analyses of these findings 
had been given in Herpertz et al. [28]. 

An earlier PET study by Gordon et al. [14] revealed ac- 
tivation ofthe temporal cortex in AN patients compared 
with control subjects and also found a greater expression 
ofanxiety, accompanied by an elevated heart rate, in AN. 
The authors did not observe any variation in the paralim- 
bic areas or the amygdala. Differences were reported for 
the medialtemporallobe and were associated with results 
from patients with psychotic disorders or body image dis- 
tortion in AN patients. The additional occipital cortical 
activation was related to phobic reactions in this group. 
In our group, the heart rate did not vary within each sub- 
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ject duringthe presentation of stimuli. Therefore, anxiety 
does not seem to be an important factor inthe AN group, 
as the variability between the active and passive condi- 
tions in this group was not significant. The heart rate ob- 
viously is nota very strong parameter of fear reaction, but 
the measurement of other parameters, e.g. dermal resis- 
tance, cannot be performed easily in the MR system. Fur- 
thermore, these results were supported by the absence of 
elevated amygdala activation in our group. 

Experiments using fMRI on AN patients are rare. EI- 
lison et al. [13] interpreted activation of the insula and 
anterior cingulate gyrus in response to high-calorie stim- 
uli as phobic perceptions of high-calorie food in AN pa- 
tients. However, we do not know of any psychiatric co- 
morbidity that might have influenced the homogeneity of 
their sample and the resulting activation patterns. We 
were able to confirm these activations during the hunger 
state in the AN group, but the anterior cingulate cortex 
activation was not apparent in the satiated state. Uher et 
al. [29,30] reported increased activation ofthe medial pre- 
frontal gyrus in response to visual food stimuli in AN pa- 
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tients. These experiments were performed during an in- 
termediate state between hunger and satiety. The exami- 
nation of restrictive AN patients exclusively and the 
measurements 6 h after the last meal could explain the 
activation differences in the limbic structures found in 
our study. However, compared with the control subjects, 
a stronger cerebral activation in our AN patients was ob- 
served in the cingulate gyrus when high-calorie food im- 
ages were presented. This finding corresponds to that of 
Ellison et al. [13] and may be due to strongly aversive per- 
ceptions of high-calorie food images. The part of the cin- 
gulate gyrus (anterior midcingulate cortex) activated in 
AN patients isthought to be associated with aversive stim- 
uliand fear or avoidance, whereas the part ofthe cingulate 
gyrus (pregenual anterior cingulate cortex) activated in 
the control group could be related to the reported areas of 
the processing of happiness [31]. Furthermore, functional 
connectivity ofthe cingulate gyrus to the lateral prefron- 
tal region has been described by Margulies et al. [32], who 
indicated connections ofthis intermediate part ofthe cin- 
gulate gyrus to high-order cognitive functions. 

The regional cerebral blood flow in the anterior cin- 
gulate cortex has been reported to be inversely propor- 
tional to the desirability of chocolate [33], and cingulate 
activation has been found to be associated with cue-in- 
duced cocaine craving [34-36]. The anterior cingulated 
cortex has both cognitive (e.g., working memory or atten- 
tion) and affective functions. The affective part is in- 
volved in the assessment of the salience of emotional in- 
formation and the regulation of emotional responses and 
is connected to a number of other areas. 

We could not confirm earlier results of higher activa- 
tion in the amygdala region that were interpreted as fear 
of high-calorie food in AN patients [13]. Activation of 
parts of the insula was demonstrated in our group in the 
satiated state. Recent studies have revealed insula activa- 
tion due to feelings of disgust but not fear [37]. However, 
the disgust in the study of Stark et al. [37] was associated 
with amygdala activation that could not be detected in 
the AN patients of our study. 

Santel et al. [21] also failed to find any differences in 
the amygdala or insula regions in AN patients. Contrary 
to our findings, they described a decreased activation in 
the occipital areas during stimulation with high-calorie 
images after 12 h of starvation. Variation in the samples 
and the duration of the hunger periods might be possible 
explanations for these differing results. The AN group in 
our study included only subjects >18 years with a mark- 
edly longer period of morbidity than the group of Santel 
et al. Furthermore, our group included only 2 patients 
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who gave positive subjective answers regarding depres- 
sion episodes but did not receive medication therapy 
compared with 13 depressive AN in the sample of Santel 
et al., of whom 7 were under medication. 


Influence of Subjective Ratings and BMI on Cerebral 

Activation Patterns 

Gordon etal. [14] indicated differences in the temporal 
cortex for AN patients during a PET scan accompanied 
by visual presentation ofhigh-calorie food images. There- 
fore, besides the explanation oftemporal activation in re- 
lation to psychotic disorders, the activation in temporal 
areas may indicate an altered perception in AN patients 
due to the high-calorie stimuli [38, 39]. In our study, me- 
dial temporal activation differences could be revealed 
only by use of the food valence rating as a confounding 
variable. Additionally, the medial temporal activation 
was strongly correlated with the food valence rating in 
the AN group under satiation. Furthermore, the insula 
and orbitofrontal activations in the hunger state were 
modulated by the food valence rating in our AN patients. 
Additionally, the activation of the midcingulate, orbito- 
frontal and prefrontal cortices correlated with the food 
valence rating in the AN group under satiation and only 
the midcingulate cortex under hunger. These results in- 
dicate the strong influence of the subjective food judg- 
ment on the cerebral activation patterns involving food- 
relevantareasinthe AN group. The control group showed 
only a correlation of the insular cortex under satiation. 
This region was similar to those activated in the AN 
group, which is highly specialized to convey emotional/ 
homeostatic information [27]. Therefore, the activation 
of this part of the insula under satiation in the control 
group suggests that food stimuli might become more 
emotionally arousing to normal controls after satiation. 
This finding corresponds to the less attractive subjective 
food rating in this group under satiation. 

Using the BMI as a confounding variable, we detected 
some interesting results. Enhanced activation was re- 
vealed in the AN group in the medial temporal and oc- 
cipital areas. Only by this procedure could the same acti- 
vation of the occipital area reported in former studies be 
found [21]. The dependence of activation patterns on BMI 
might be related to differing leptin levels in AN patients. 
Therefore, the findings of BMI associations with brain 
activation in AN patients are intriguing but need to be 
evaluated in additional studies. Up to now, leptin has 
been reported to influence only the grey matter in the 
ACC and the inferior parietal gyrus [40]. Furthermore, 
AN patients have very low leptin levels because of these 
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individuals’ greatly reduced fat cells. Additionally, in our 
study activated relevant brain areas correlated with the 
BMI only in the AN group but not in the controls. 
Other imaging studies have provided functional in- 
formation regarding serotonin neuroreceptor dynamics, 
regional cerebral blood flow and cerebral glucose metab- 
olism. Using food and body image distortions as stimuli, 
such studies have implicated the cingulate, frontal, tem- 
poral and parietal regions in AN (for an overview see 
[12]). Our results give further support to cerebral activa- 
tion differences in these limbic areas of AN patients com- 


tion areas such as the cingulate gyrusand the insula when 
they are exposed to visual stimuli of high-calorie food 
after periods of starvation and satiety. Furthermore, ac- 
tivation ofthe cingulate and orbitofrontal cortices as well 
as the insula is modulated by subjective food valence rat- 
ings. 
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